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Abstract
Hossenfelder proposes in [S. Hossenfelder, Phys. Lett. B 636 (2006) 119] and [S. Hossenfelder, gr-qc/0605083] a symmetry between gravitating
and anti-gravitating particles by superposing a negative charge to classical relativity. This Letter explicitly shows that the latter proposal does not
address any of the difficulties that arise in such context. On the contrary, the “world-lines” of the anti-gravitating particles are defined as observer-
dependent entities and no attempt whatsoever to dynamically restore local boost invariance is made. Both papers simply focus on the erroneous
construction of a new bundle attached to a preferred timelike vector field, although the author gives the impression that no such preference is
needed.
© 2006 Elsevier B.V. Open access under CC BY license.1. Introduction
Upon reflection, it appears rather obvious that the introduc-
tion of two gravitational charges in relativity requires a new
physical field to which the charge has to couple—as Maxwell’s
theory of electromagnetism exemplifies beautifully—at least
when one insists the partial differential equations be of second
order.1 Nevertheless, in [1], Hossenfelder claims to construct
a new natural bundle upon the spacetime manifold which is
supposed to allow for the existence of a new, anti-gravitating,
species which undergoes (in the Newtonian limit) a positive
radial acceleration whereas normal particles would suffer at-
traction (for instance, at the surface of the earth). Furthermore,
it is suggested that the world lines of these anti-gravitating par-
ticles (AGP) can be found from the local metric structure over
the spacetime manifold alone. In a follow-up note on the arXiv
[2], examples are given and a further discussion is presented in
which it is shown (Eq. (28) of [2]) that the acceleration of this
new species—at the surface of the earth, say—is upwards. In
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1 If not, one could couple some curvature scalar to the mass of the second
particle, violating hereby the local position invariance principle.0370-2693© 2006 Elsevier B.V.
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Open access under CC BY license.Minkowski spacetime, the world lines of anti-gravitating parti-
cles ought to correspond to the usual geodesics.
Certainly, constructions where preferred frames are gener-
ated dynamically have been made in the past, Einstein’s theory
of Fernparallelismus being one of them (in the context of quan-
tum mechanical spin [3]). Even in general relativity, it happens
so that perfect fluids do dynamically produce a preferred time-
like vector field. Nevertheless, in the latter case it would appear
entirely unphysical that the fluidum is somehow responsible for
reversing the action of gravity on a new species of test particles,
and in any case, at no point Hossenfelder suggests any such
dynamically generated preferred frame—it is rather suggested
to the reader that the arbitrary choice which is made somehow
does not matter.
2. Analysis of covariance violation
We simply pinpoint the formulae in [1] which make clear
that local Lorentz invariance as well as general covariance are
explicitly broken. To be as brief and explicit as possible, let us
consider Eq. (39) in [1], which is supposed to be the ODE for
the tangent vector tν = dxν(λ)
dλ
(in affine parametrization) of the
AGWL (world line of AGP)
(1)tν∇ν tα + tν tκταβ∇ντκβ = 0.
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change of coordinates from the ordinary ones: an underlined
contra-variant index transforms as a transposed covariant one
and vice versa. Underlined symbols, such as t and g simply re-
fer to the AGP and do not indicate the transformation property.
In order to make sense out of this equation, the author defines
(2)∇ντκα = ∂ντκα − Γ kνκτkα + Γ ανkτκk
where
(3)Γ ανκ = 12g
αβ
(
∂νgβκ
+ τνμτηκ∂ηgμβ − τνμτγ β∂γ gμκ
)
according to formula (17) in [1].
The author proceeds with the construction of ταβ as follows:
consider a vierbein Eμa where a is the usual Lorentz—and μ a
spacetime index.2 Then, τ νμ =∑a EνaEμa , a definition which
clearly breaks local boost invariance and introduces a preferred
timelike vector field.3 Furthermore, g
μν
= ταμτβνgαβ = gμν
as an elementary computation reveals, and as is confirmed
by Hossenfelder in Eq. (11) of [1]. Now, vα transforms as a
one form, therefore ∇νvα := ∂νvα + Γ ανβvβ and ∂νvα − Γ βναvβ
should transform as (0,2) tensors, which means that Γ ανβ +Γ βνα
transforms as a (1,2) tensor. In a normal coordinate system at a
spacetime point p one has that ∂αgβγ |p = ∂αgβγ |p = 0; there-
fore Γ ανβ = −Γ βνα in any coordinate system.
However, looking at Eq. (3) one would expect τ to enter
in the transformation formulae of the symbols Γ ανκ . We will
now show that this is indeed the case, and that, as such, the
equality Γ ανβ = −Γ βνα is not always respected, showing that the
“covariant derivative” introduced by Hossenfelder, even assum-
ing a fixed choice of frame eˆa , violates covariance. We will
show this by constructing a counter example. Indeed, putting
τμν = gμν + 2V μV ν , where V βVβ = −1 one obtains that the
V β independent part equals Γ κνα − gκβ∂νgβα . The V β depen-
dent part is quite complicated; it is however much more in-
structive to compute its contraction with V νV αZκ (in a fixed
coordinate system) which equals −VμVβZη∂ηgμβ , given that
V αZα = 0. For a general metric of the form −a(dt)2 + (dx)2
and V = 1√
a
∂t , Z = ∂x , one indeed checks the latter for-
mula to agree with − ∂xa
a
. However, one still has that Γ xtt =
1
2∂xa = −Γ ttx . Nevertheless, by boosting the vector field V μ
to cosh(α)√
a
∂t + sinh(α)∂x we obtain that τμν equals (in matrix
2 In fact, the E of Hossenfelder is the inverse transposed matrix of Eμa used
here, because she introduces E.eˆ = ∂ , while eˆa = Eμa ∂μ is the way we intro-
duce the vierbein. As such, the τνμ introduced here corresponds to Hossen-
felders (E . ET )−1, as she defines it in Eq. (10) of [1].
3 The local Lorentz invariant alternative τνμ = EνaEμb ηab = gνμ trivially
leads to the usual geodesics, but Hossenfelder erroneously assumes that Lorentz
boosts satisfy Λ−1 = ΛT , as she writes down between Eqs. (2) and (3) and
further below Eq. (4) of paper [1], which, if it were true, would indeed make τ
independent of the choice of frame eˆ.form)( (2 cosh2(α)−1)
a
2 cosh(α) sinh(α)√
a
2 cosh(α) sinh(α)√
a
(2 cosh2(α) − 1)
)
.
Formula (3) implies that Γ ttx = a2 τt t τμx∂μ( 1a ), therefore the lat-
ter will contain also partial derivatives of a with respect to t
which contradicts Γ xtt = 12∂xa.
Another counter example to the condition Γ ανβ = −Γ βνα can
be found in Appendix B of [2] (which we checked) for although
Γ trr = −Γ rrt = aa˙ we have Γ φφr = Γ rφφ = 1/r .
We have shown that the author also, quite unnecessarily,
violates general covariance in her definition of the new Γ sym-
bols and the new “covariant derivative”. It is clear now that the
new connection simply should be equal to the usual one; defin-
ing τμν = gμν—that is preserving local Lorentz invariance—
would trivially imply that the standard geodesics coincide with
the AGWLs (anti-gravity world lines).
Let us compare now how these results relate to some state-
ments made in [1].
3. Specific results for the anti-gravity world line
Eq. (1) together with the definition of the quantities given
in Eqs. (2) and (3) determine the ODE for the tangent vec-
tor of the AGWL given the vierbein Eμa (as said before, only
E
μ
0 is important and a residual local O(3) is left) of Eq. (10)
in [1]. In the examples given in paper [2], for the Schwarzschild
metric (Eq. (21)) and the FRW metric (Eq. (30))—expressed
as diagonal matrices in the well-known coordinate systems—
Hossenfelder takes this simply to be given by
(4)Eaμ =
√
η . g,
where the equation must be seen as a matrix equation, and E is
Hossenfelder’s E, such that τ is constructed through Eq. (10).
By fixing τ with a specific choice of E, the tetrad eˆ is implicitly
chosen. The coordinate representations of each vector a of the
tetrad, Eμa , are then the columns of the matrix which is T =
(ET )−1, and the matrix for τμν = T . T T , which is equivalent to
Eq. (10) of [1].
Let us find out what AGWL one obtains for a general, diag-
onal metric:
ds2 = g0(t, x, y, z) dt2 + g1(t, x, y, z) dx2 + g2(t, x, y, z) dy2
(5)+ g3(t, x, y, z) dz2
and apply the implicit choice for E as given by Eq. (4). The
ODE for the tangent vector of the AGWL takes on the following
form when tα = (1,0,0,0):
(6)dt
α
dλ
= −∂αg0
2gα
(no Einstein summation). For the same metric, the usual geo-
desic has a similar ODE, except for a sign flip of the spacelike
components, which simply means that in one and the same co-
ordinate system, a particle following a normal geodesic and
a particle following an AGWL have opposite accelerations;
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timelike vector field.
Applying these general results to the case of a Schwarzschild
metric, we obtain the same result as Hossenfelder:
(7)dt
R
dλ
= M(r − 2M)
r3
≈ +M
r2
in the Newtonian limit, hence in agreement with Eq. (28) of [2].
It is interesting to apply the same scheme to the case of a flat
spacetime, using Rindler coordinates (as, for instance, given on
p. 173 of [4]):
(8)ds2 = −(1 + Aξ1)2(dξ0)2 + (dξ1)2 + (dξ2)2 + (dξ3)2
which represents the coordinate system of an observer, acceler-
ating with constant acceleration A in the +ξ1 direction. Apply-
ing the same construction, using again Eq. (4) to fix E, we find
( t0)′ = ( t2)′ = ( t3)′ = 0 and
(9)dt
1
dλ
= A + A2ξ1.
This illustrates that the AGWL in this coordinate frame does not
correspond to a normal geodesic, which has exactly the oppo-
site acceleration. Nevertheless, we are in flat spacetime where
AGWL are supposed to coincide with normal geodesics! This is
an explicit proof that the acceleration (and hence the AGWL),
using Eq. (4), is dependent on the coordinate system in which
it is worked out. When applying a Lorentz boost Λ in the ξ1
direction to the chosen tetrad with β equal to Gξ0 (so that the
4-tuple of vectors is boosted actively in the +ξ1 direction with
a velocity which is time-dependent), by replacing T by TΛ in
the construction of τ , we find, as a general result to our diago-
nal metric, that the ODE for the AGWL, for tα = (1,0,0,0) and
for t = 0 takes on the same form as in Eq. (6) for α = 0,2,3,
but we have
(10)dt
1
dλ
= −∂1g0 − 4G
√−g0g1
2g1
.
Applying this to the Rindler case, for instance we find (for
ξα = 0)
(11)dt
1
dλ
= A + 2G
which restores the normal geodesic acceleration for G = −A.
In other words, when we boost the tetrad fixed by (4) back to the
original Minkowski tetrad at each event, we restore the original
AGWL.
The fact that the specific choice of frame eˆ is all but inno-
cent, and fixes entirely the specific AGWL, is absolutely not
suggested by the author, on the contrary. Below Eq. (9) of pa-
per [1], she writes:
“The coordinate expansion of τ seems to depend on the ba-
sis chosen in TM as well as on those in TM. However, this
ambiguity in the form of the map is only seemingly. The ba-
sis ∂ν and ∂ν does not transform independently as stressed
earlier.”
Below Eq. (17) of [1], Hossenfelder writes:“At this point it is useful to state a general expectation about
the connection coefficients. For a particle moving in a curved
spacetime, it is possible to choose a freely falling coordinate
system, in which the Christoffel symbols in Eq. (15) van-
ish. However, this freely falling frame for the particle will
in general not also be a freely falling frame for the anti-
gravitational particle. Therefore, the Christoffel symbols in
Eq. (17) will not vanish in the freely falling frame of the usu-
ally gravitating particle.”
which is of course in contradiction with the very equation (17),
because in a normal coordinate system, if ∂νgαβ = 0 at a point p
then of course we also have ∂νgαβ = ∂νgαβ = 0, so both kinds
of connection symbols should vanish in the same normal coor-
dinate system at p.
Finally, just above the section 4 “Discussion”, Hossenfelder
writes:
“It is important to note that the equations of motion Eq. (38)
are invariant under general diffeomorphism, provided that
the quantities are transformed appropriately. In case the
spacetime is globally flat, one can choose g = η. It is then
also g = η, and τ = Id, and both sets of Christoffel sym-
bols vanish. Since in this case both curves which describe
the motion of the particles are identical, they will be iden-
tical for all choices of coordinate systems in a globally flat
background.”
This clearly gives the impression that covariance is respected
and that independence of the choice of coordinate system (and
hence of timelike vector field establishing τ ) is believed to hold.
Two claims of which we think we have amply established the
falsity.
4. Conclusion
The “anti-gravitation” presented by Hossenfelder in [1] and
in [2] is based upon a concept of anti-gravity “world lines”
defined through some a priori chosen frame, although Hossen-
felder’s paper is clearly worded to suggest independence of this
choice. Once such an arbitrary (and unjustified) choice is made,
it is far from clear what could be the physical and cosmological
significance of the entire construction. Upon closer inspection,
it turns out that even the construction of the wordline itself is
erroneous and manifestly breaks general covariance. In this Let-
ter, we demonstrated this both through a general argument and
concrete examples.
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